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 Obesity among children is increasing alarmingly. Therefore it is crucial to 
instill the awareness about the danger of being obese to the children. To 
instill the awareness is a challenge. A good approach is required for the 
message to be accepted and conceptualized by the children. Serious game has 
been an important mechanism to assist the achievement of many serious 
purposes other than for entertainment and enjoyment. This paper proposes 
the implementation of content-based recommendation technique in serious 
game for obesity awareness among children. Several recommendation 
techniques for awareness had been studied and the content-based 
recommendation technique is found to be suitable to be implemented in 
games. The game was developed according to game development approach 
and fulfilled the game characteristics. For this preliminary study, 10 children 
participated in the experiment to determine the effectiveness of the game. 
The participants were given a pre-and post test to answer before and after 
playing the game. The result of the test shows that participants achieved the 
obesity awareness after playing the game. The content-based 
recommendation technique is applicable to be adopted in serious games to 
instill awareness in the players. 
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1. INTRODUCTION  
In recent years, the design and implementation of video games are growing rapidly not only for 
entertainment, but also for other serious purposes, one of it is for obesity awareness. This type of games 
commonly known as serious games, persuasive games as well as gamified interactions, in which they have 
the ability to change the attitudes, behaviors and habits of the player and allow players to experience 
situations that are impossible in the real world for safety reasons, cost and time [1-3]. The previous study 
proved that, playing games can be particular for training and education of such complex systems [4]. In 
addition, users can also get better explanation and build problem-solving skills by using animations, graphics 
and interactive environment [5]. Serious games can provide players with enjoyable experience in safe 
situation at reasonable cost in which those experience can be useful to be applied in real life situation [6]. 
Nowadays, obesity has become a major health problem with an increased in numbers in all age 
groups. Obesity is also associated with many medical conditions, including cardiovascular disease and type 2 
diabetes [7-9]. In addition, obesity also leads to hypertension. Obesity problem not only involved with an 
adults, but also children. The reason behind this is because unbalance energy intake and expenditure, with an 
increase in positive energy balance associated with lifestyle and dietary intake preferences [10]. The current 
solution for obesity treatment includes eating patterns for weight loss, pharmacotherapy for obesity and 
physical activity [7, 11]. Besides, current solution for childhood obesity includes providing nutritional 
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education to parents and children, monitoring weight and height of children and also providing nutritional 
counseling to emphasis on daily physical activity [12]. However, these regimes require full commitment from 
oneself. And commitment may come when the person is fully aware of the importance to stay healthy and do 
not become obese. Therefore, the authors believe that in order to overcome the above issues, serious game 
that is embedded with recommendation knowledge can create obesity awareness effectively. This paper 
investigated recommendation techniques that include content-based recommendation technique, collaborative 
(social) filtering technique, hybrid recommendation technique and machine learning technique that is 
responsible in generating feedbacks and recommendation during gameplay that will create obesity awareness 
and proposed the relevant technique for serious games.  
The rest of the paper is structured as follows: Section 2 describes literature review regarding serious 
games and recommendation technique, Section 3 presents the proposed serious games with application of 
recommendation technique and Section 4 concludes the discussion. 
 
 
2. LITERATURE REVIEW 
2.1.  Serious games 
Serious game is a game that served not only for entertainment purposes, but also for serious 
purposes such as learning and to create awareness. There are relationship between serious games, video 
games and serious gaming. Basically, serious games is any piece of software that merges a non-entertaining 
purpose (serious) with a video game structure (game), while video games is a software that featuring only a 
“game” dimension, in which video game structure [13]. In addition, serious gaming refers to any video game 
used for “serious” purposes, whether the “serious” dimension is or is not designed within the software [13]. 
However, video games can also perform “serious” purposes in which through software modification, 
“mods” process (convert from video games to serious gaming). For example, when teacher uses 
entertainment video games during teaching process, and during play session of the games, they create their 
own “serious scenarios”. So, this “serious” dimension is not directly embedded in the game, but the teachers 
use it to influence the way his or her students might play. Therefore, this process is called “purpose-shifted” 
[13]. Figure 1 illustrated the relationship between video games, serious games and serious gaming. 
 
 
 
 
Figure 1. The relationship between video game, serious game and serious gaming [13] 
 
 
Serious games can also be classified based on Gameplay, Purpose and Scope (GPS) model that 
combine the analysis of both “serious” and “game” dimensions. Gameplay refers to the type of gameplay 
used, that is intended to provide information about the game structure of serious games such as how the game 
should be played [12]. There are two categories of serious games that can relate with Gameplay model in 
which “Game-based” or “Play-based”. For example, Tamagotchi [14] is “play-based” type of game whereas 
Pac-Man [15] is a “game-based”. The difference between these two games is that Tamagotchi don`t have 
sufficient rule rule in defining the goals, in which it cannot be won or lost, whereas Pac-Man incorporating 
the goals, for example - eating all the pills and avoid the ghosts to win. Therefore, a video game that lacking 
with goal will be considered as “Play-based”, whereas a video game that incorporating with goal will be 
considered as “Game-based” [13]. 
Next, the purpose model is the field for which the game is designed, that includes State and 
Government, Military and Defense, Healthcare, Education, Corporate, Religious, Culture and Art, Ecology, 
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Politics, Humanitarian and Advertising [13]. There are existing serious games available for obesity 
awareness [16, 17]. These games educate children about good eating habits but did not provide suggestion or 
recommendation while playing the game. The games focus on rewarding and penalizing the player for a 
correct and wrong answer through adding and subtracting points from the player. It represents the 
characteristic of mere video game. However, player was not being informed of the mistakes for them to 
improve their perspective on eating habits. 
 
2.2. Achieving awareness 
Awareness is one of an important element in this work. There are many researches that had been 
done in awareness. The existing work claimed that, awareness can be achieved through situation for which 
the human will experienced, in which known as situation awareness where interactions between human and 
environment is very important especially in determining meaning and reflects an increased appreciation for 
the intimate coupling between perception, decision and action of human [18, 19]. Basically, situation 
awareness is formally defined as the perception of the elements in the environment within a volume of time 
and space, the comprehension of their meaning and the projection of their status in the near future [19]. 
Situation awareness involved three levels. Level 1 is perceiving critical factors in the environment, Level 2 is 
the understanding of what those factors mean, particularly when integrated together in relation to the person`s 
goals, and finally in Level 3 is the understanding on what will happen in the future. Figure 2 presented the 
model of situation awareness in dynamic decision making. 
 
 
 
 
Figure 2. Model of situation awareness [20] 
 
 
Besides that, awareness in term of psychological and behavior is the set of shifting feature of 
mindfulness involves decentering from thoughts, emotions, and sensations into a metacognitive state of 
awareness [21]. This mental operation may be a key link between appraisal and reappraisal, involving a shift 
in attention from the contents of consciousness to the process of consciousness itself. Through decentering, 
mindfulness is thought to lead to dis-identification from thoughts and emotions, liberating awareness from 
schematized narratives about self and world, and promoting flexible selection of adaptive responses [21]. 
Therefore, to create awareness to the players, situation awareness model can be embedded to the 
game elements and also game scenarios. In addition, the game elements and game scenarios should be 
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influencing the emotion, attention, appraisal, meaning and sensation, so that the awareness can be achieved 
effectively. Hence, the technique to output the game elements is required. The next section will discuss 
recommendation techniques that can be implemented in this work in order to create the awareness in a 
serious game. 
 
2.3. Recommendation techniques 
Recommendation technique is responsible to suggest games elements, activities and also persuasive 
strategies to the users [22]. There are many types of recommendation technique that can be used to give 
knowledge and feedback information along with suggestion of game elements to the users that can increase 
awareness based on the type of game. An example of recommendation technique includes content-based 
recommendation technique, collaborative (social) filtering technique, hybrid recommendation technique, 
context-aware recommendation technique and machine-learning technique [22].  
Content-based technique is an algorithm that can be used to recommend similar items to those liked 
by the user in the past. It generates prediction based on what user preferred in the past. Meanwhile 
collaborative filtering is used to recommend items that are also liked by similar users. It makes 
recommendation by finding correlation among users. Hybrid recommendation technique combines multiple 
techniques for the solution of problems. The combinations of algorithms give a better recommendation as 
compared to using a single algorithm. In context-aware recommendation technique, this technique will 
consider the context in which the recommendation occurs. Machine learning technique can be used to learn 
about users, and predict the suitable elements to be output to users. To the best of our knowledge, there is 
little work that had been done to implement recommendation technique for serious games that can create 
awareness in which serious games to create awareness about community policing [17].  
The existing work had been done by developing serious game model for cultural heritage [23]. In 
this work, statistical ontology-based algorithm were used to build the textures of 3D model. Next, there also 
existing work on the application of k-Nearest Neighbor (k-NN) algorithm for gesture classification [24]. 
Besides that, there also existing work on developing serious game for promoting green transportation [25]. 
Basically, transportation mode recognition and machine learning technique is used to provide bonuses and 
penalties to the users based on their daily choices type of transportation. In this work, transport detection 
algorithm were used to enable a feedback from real-life actions into the game [25].  
There also most recent existing work that had been done for developing serious games to create 
awareness about community policing that known as TRILLION [17]. TRILLION is implemented with 
collaborative filtering technique for their client-server model. The client runs on mobile personal devices for 
the computational part, while the server side provides data regarding the game`s list and data model linked to 
the game such as items, characters, events and actions. In addition, there is also a community element in 
TRILLION. This will enable the engagement and the collaboration of players. The purpose is to stimulate 
discussion around the themes of the project and to enhance citizens relationship, especially for convincing the 
important of community policing [17]. This is the part where collaborative filtering algorithm plays it roles to 
create awareness about the importance of community policing to the players. The results of this study found 
that, the game have a positive impact to create awareness about community policing [17].  
Based on literature review, most serious games were developed as play-based for the training 
purposes in the scope of healthcare. In addition, there is also little work that had been done to use 
recommendation technique for awareness purposes. The most similar work is the use of  
collaborative-filtering algorithm in TRILLIONS game [17]. However, this is an online game which requires 
collaboration from the player community. Hence, this work will extend the existing work in terms of serious 
game methodology, in which the recommendation is being used to give knowledge for awareness through  
the gameplay.  
 
 
3. RESEARCH METHOD 
On the earlier discussion of the serious game and recommendation technique, it was found that 
awareness games require some recommendation technique to persuade the player into changing of behavior 
or habit. We are proposing the inclusion of content based recommendation technique for this obesity 
awareness game.  
The modifications will be done on the design components, in which game scenarios and game items 
will be the platform for recommendation of knowledge within the game. Figure 3 illustrated the extension for 
the game design components. 
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Figure 3. Modification on game design component 
 
 
The game scenarios are represented by the gaming scene and its environment. Within the scenarios 
are game elements that encompasses of multiple elements such as motivational, interactive,  
fun and multimedia. The motivational elements are designed with the incorporation of animated characters 
telling about the obesity and invite the players to fight the obesity through knowledge. Interactivity is created 
through the interactivity within the game; where the player is required to move around to collect the good 
food and avoid the unhealthy food. Fun is the challenges that are created within the gameplay. Player needs 
to collect the good food and avoid the unhealthy food within the stipulated time or score will be deducted. 
This creates the game challenge and fun for the game. Multimedia elements are designed through the use of 
animated character and intriguing sound. 
In order to instill the awareness for the player, besides giving the introductory messages, the content 
based recommendation technique is implemented through the recommendation messages. These messages 
will pop-up when the player makes a mistake by collecting the unhealthy food. These messages will inform 
the player of the mistake that they have done and make them aware of the wrong choice that they have made. 
These messages will eventually instill the knowledge of good and unhealthy food and the consequences of 
being obese. Table 1 summarizes the game elements for serious games with recommendation technique. 
 
 
Table 1. Game elements for serious game with recommendation technique 
Game element Description Attributes 
Motivational elements (usefulness) Ability in affecting player`s thought, actions 
and reactions regarding meaningful gameplay 
and learning 
The reward and challenge in the game 
through the scoring system. 
Interactive elements (Interactivity) Provide the opportunities for participation and 
involvement in gaming activities. 
The movement of game`s character in 
order to collect the good food. 
Fun elements (Playfulness) Elements that trigger player`s sense of 
enjoyment and excitement. 
The challenges to avoid colliding with 
the unhealthy food will increase 
playfulness. 
Multimedia elements 
(Attractiveness) 
To attract player`s attention.   The use of animated 2D cartoon, 
together with the fun audio. 
Recommendation technique Content based recommendation technique  Recommendation messages are being 
introduced within the game to give 
information about the good and 
unhealthy food also on the consequence 
of being obese. 
 
 
The game was tested for its effectiveness with 10 school children whom were randomly chosen. The 
experiment design was using the pre-and post test. The results of the pre and post test were compared to 
measure the level of awareness on good food and obesity among the children. The pre-and post-test results 
show that participants achived the obesity awareness after playing the serious game with  
recommendation technique. 
 
 
4. CONCLUSION 
Based on the study it can be concluded that serious game with recommendation technique can give 
the knowledge about obesity to the chidren during gameplay. The use of content based recommendation 
technique to create awareness on obesity is applied through the recommendation messages that inform the 
player about the healthy and unhealthy food as well as the consequences of being obese. Through the 
knowledge that had been given during gameplay, the children can achieve obesity awareness after playing the 
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games. The children will always remember the recommendation messages which they are read during the 
gameplay and able to apply it in their real life. 
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